resulting cystitis commonly leads to haematuria, referred to locally as an indication of male puberty; hence the reports from Napoleon's troops that Egypt was the 'land of menstruating men'. There are many references in the hieroglyphs and pictograms on Pharaonic monuments and tombs to haematuria, which was known by the very onomatopoeic name of a-a-a, and other associated symptoms of bilharziasis are recorded on various papyri. (For further descriptions of ancient records of symptoms and treatment see Badr 1981 .) The widespread nature of this disease throughout the Egyptian population is reflected by Horacein his Odes, Book 1, No. 37, where he refers to Cleopatra as 'Regina contaminato cum gregre trupium morbo vivorum', i.e. with her afflicted hordes of men, foul with disease.
Further evidence that schistosomiasis has been endemic in Egypt for at least 5000 years has come from the recovery of calcified schistosome ova from canopic jars excavated from ancient tombs in Egypt. During the process of embalming, the brain, heart, liver and lungs, and remaining intestinal contents including the urinary tract, were removed from the cadaver. They were washed with palm wine which contains about 14% ethyl alcohol, dehydrated in natron, a mixture of calcium sulphate, nitrate, carbonate and other hygroscopic salts, perfumed with oil and spices and treated with molten resin before being wrapped into small packages and consigned to four canopic jars. These jars were then placed in an ornamental canopic chest, frequently guarded by an effigy of Anubis the jackal god of embalming, and eventually entombed with the mummified remains of their original owner. (A further description of the process of embalming is to be found in a pamphlet issued by the Ministry of Culture, Egyptian Antiquities Organisation, Cairo Museum, June 1973, on 'Mummification in Ancient Egypt'.) The efficacy of the process is evident from the remarkable state of preservation of many of the mummies excavated this century, and the recognizable ova of S. haematobium in the contents of some canopic jars.
In general, there is now a good geographic coincidence between the incidence of bladder cancer and endemic schistosomiasis in those areas where the intensity and prevalence of the infection are high (Goebel 1905 , Hashem 1961 , Gillman & Prates 1962 , Prates & Torres 1965 , Brand 1979 . A causal association between the parasite and bladder cancer was postulated some 70 years ago (Ferguson 1911) but so far proof of this association has remained elusive. Doubt has been raised as to the direct causal role of S. haematobium in bladder carcinogenesis by the observation that in a few areas, including Zimbabwe (Southern Rhodesia), South Africa and Uganda, there is no clear-cut association of an elevated bladder cancer risk with the endemic infection (Dodge 1962 , Higginson & Oettle 1962 , Houston 1964 . Much fruitless effort has been expended in attempting to isolate a carcinogenic chemical from the worm or its eggs, and there has been no unequivocal demonstration that infection with S. haematobium 'will directly cause bladder cancer in animal experiments. Moreover, although S. haematobium ova are deposited in the submucosa of the intestines, as well as in the wall of the urinary bladder, no corresponding increase in the incidence of cancer of the bowel is associated with schistosomiasis -only an increase in bladder cancer. The exact role of the schistosome in bladger cancer is enigmatic.
There are some peculiarities about bilharzial bladder cancer, by comparison with vesical cancer as seen in Europe and America, which give some clue to the possible role of the parasite. In non-bilharzial infested populations throughout the world, the peak incidence of bladder cancer is in the sixth decade of life and only 12% of cases occur in people under the age of 50 (Payne 1959) . In Egypt, by contrast, the mean age of incidence of bilharzial cancer is 46 years (EI-Bolkainy et al. 1972 ) and 73% of cases occur below the age of 50 (Aboul Nasr et al. 1962 ). This demonstrates a massive shift in the age-related incidence curve for bladder cancer in Egypt towards a younger age group. In the West, bladder cancer is known to have a very long latent period between known exposure to an identified chemical carcinogen and the development of symptomatic tumours (Case 1966) . The biogenesis of bladder cancer has beeñ tudied in experimental animals, and there is now good evidence that it is a multistage process Involving early and late stages which can be influenced respectively by genotoxic and non-e~otoxic carcinogens acting sequentially on the target tissue (Hicks 1980 (Hicks , 1982 . Nonspecific Irntants, which cause reparative hyperplasia of the urothelium and in so doing increase cell turnover, can act as late-stage carcinogens or propagating factors and will accelerate the development of symptomatic bladder cancers from small, histologically-undetectable foci of cancer cells in bladders previously exposed to early-stage carcinogens. It thus seems possible' that in areas where schistosomiasis is endemic and there is also an elevated bladder cancer incidence, the early stages of carcinogenesis in the bladder may be brought about by as yet unidentified carcinogens, present in the environment, but that the unusual age-related incidence of-the disease is the consequence of the schistosome acting as a late-stage carcinogen and accelerating the development of cancer. By this hypothesis, variations in bladder cancer incidence between different populations with endemic bilharziasis could be explicable, both in terms of variation in total exposure to early-stage carcinogens, and by variations in the intensity and prevalence of the schistosome infection acting as a late-stage carcinogen.
The nitrosamine hypothesis
In Europe and America the majority of bladder cancers are of unknown aetiology (Skrabanek & Walsh 1981) . A relatively few people who develop bladder cancer are known to have been exposed to identified industrial carcinogens, and there is epidemiological evidence that cigarette smoking is causally related to bladder cancer. Some chemotherapeutic and immunosuppressive drugs are suspect, and there may be a very slightly increased risk associated with excessive use of artificial sweeteners and coffee drinking. Circumstantial evidence suggests that the ultimate bladder carcinogens are urine-borne chemicals, a number of which have been identified in experimental animal models, including several N-nitroso compounds, such as N-nitrosomethylurea (MNU), N-butyl-N-(4-hydroxybutyl) nitrosamine (BBN) and N-nitrosomethyldodecylamine (NMDCA) (Hicks & Wakefield 1972 , Druckrey et al. 1964 , Lijinsky & Taylor 1975 .
Small amounts of nitrosamines are now known to be formed endogenously in the body by nitrosation of ingested or metabolically-derived secondary and tertiary amines. In the bladder, large quantities of nitroso compounds theoretically can be produced over a wide range of urinary pH during bacterial infections of the lower urinary tract. Hill & Hawksworth (1972) showed that many bacteria will reduce diet-derived nitrate in the urine to nitrite, and that N-nitrosamines can then be produced by nitrosation of amine precursors. As a class, Nnitroso compounds have been shown to be carcinogenic in all vertebrate and lower species in which they have been tested, but individual N-nitrosocompounds are known to have different organ specificity in different species (Hirose et al. 1976 , Lijinsky 1982 . It thus seemed possible that, if secondary bacterial infections of the bladder are regularly associated with bilharziasis, endogenously-produced nitrosamines in the bladder could act as early-stage carcinogens and initiate the process of carcinogenesis in the urothelium (Hicks et al. 1977) .
Advanced bilharzial bladder cancer is frequently complicated by gross secondary bacterial infection, but if the nitrosamine hypothesis is to be tenable, bacterial infection of the lower urinary tract would have to be present many years before symptomatic bladder cancer developed. It was thus necessary to establish whether urinary bacterial infection and concomitant N-nitroso compounds were present in the younger age groups in areas of endemic bilharziasis.
Urinary bacterial infection in young Egyptian men
In many parts of Africa, secondary bacterial infections are not a common complication of the bilharzial bladder syndrome, but in Egypt there is evidence of a high level of bacterial cystitis, particularly in school age boys in the villages. Thus, Carter et al. (1970) reported a relatively high level of bacterial infection of the urinary tract in adolescent boys in Egypt, which varied between villages from 10% to 37% and was related to standards of hygiene rather than to levels of S. haematobium infection. It was concluded from this study that bacteriuria was more common in village boys than in adult males, and that the incidence of asymptomatic bacteriuria was more common in areas of poor hygiene than had been thought previously. This was confirmed later by Laughlin and his colleagues (1978) who reported a 5.1%incidence of bacteriuria in Egyptian boys aged between 5 and 16 years in regions of endemic bilharziasis. This was 10 times greater than in areas non-endemic for S. haematobium infection. Nevertheless, it is still not generally recognized that bacterial infections of the lower urinary tract are common in populations exposed to S. haematobium, for the usual symptoms of bacteriuria, namely haematuria and frequency, are automatically attributed to infestation with S. haematobium.
We have recently looked at the levels of S. haematobium infection and secondary bacterial infection in young men in the Qalyub area of Egypt. Urines were collected from 82 male volunteers, aged between 10 and 25 years, who came from villages where the only available treatment had been tartar emetic. Of these volunteers, 78% either had S. haematobium ova in the urine on the day of collection, or a very recent history of infection; 30 samples (36%) proved to be contaminated by more than 10 3 bacterial organisms per ml, and 5 samples (6%) contained 10 5 or more organisms per m!. This level of urinary tract bacterial infection was thus in the same order as that reported by Carter et al. (1970) . It is of interest that 19 individuals had bacteriuria but no S. haematobium infection, and of these 8 had haematuria which had automatically been regarded as a symptom of bilharziasis. These observations, which are reported in full elsewhere , when taken in conjunction with the previous reports show that a significant percentage of the young village men in Egypt, living in areas where they are at risk for developing bladder cancer, do indeed have S. haematobium infestation and concurrent bacterial infection of the urinary tract.
Contribution of bacteria to the urine content of nitrosamines
It has been shown in experimental animal models that when bacterial infections of the urinary tract are present, nitrosamines can be formed in the urine (Hill & Hawksworth 1972) . For this to happen, however, the bacteria must contain nitrate-reducing enzymes in order to produce nitrite, which is necessary for nitrosation of the secondary and tertiary amine precursors of the nitrosamines. Not all species of bacteria are nitrate-reducing and the formation of nitrosamines is, therefore, not an inevitable consequence of bacterial infection of the urinary tract.
Some years ago, we showed that high levels of nitroso compounds were present in the urines of Egyptian patients hospitalized for the treatment of bilharzial bladder cancer, who also had very heavy bacterial infections of the bladder (Hicks et al. 1978) . These results were interesting, but since the individuals concerned already had bladder cancer; the presence at that time of nitrosamines in their urines was of no importance in the aetiology of their disease. By contrast, the urines collected in the Qalyub area were from relatively healthy young men, living in an area where they are at risk for developing bladder cancer in some 20-30 years time. They were grouped, therefore, according to the presence or absence of S. haematobium infection and/or bacteria, and the bacterially-infected group was further subdivided into nitrate-reducing or non-nitrate-reducing. The total N-nitroso content of individual urines was then determined by a sensitive and selective method . In people with no S. haematobium infection, the mean N-nitroso content was elevated from 13 to 32 j1g/1 (significant to P=0.025), and in those who were also infected with S. haematobium the elevation was from 21 to 36 j1g/1 (P=0.005). When more than 10 5 nitrate-reducing organisms per m! were present, the mean urinary-nitroso compound level was even higher at 42 Jig/I, and individual urines contained up to 190 Jig/I. Judging from the amounts of nitrosatable precursors available in the urines, this level could well be exceeded for short periods of time as the intensity of the bacterial infection varies from day to day in anyone individual .
These observations confirm the positive contribution from bacterial metabolism to the urine content of N-nitrosamines. They also show that in an Egyptian village population in Which bacteriuria is common, there will be individuals who are exposed regularly and intermittently to above-normal levels of N-nitroso compounds in the urine. The level of exposure will vary from person to person, depending upon the frequency and intensity of the bacterial infection. However, whether or not the presence of such levels of N-nitroso compounds is causally related to the elevated incidence of bladder cancer in the same population is still a matter for speculation, in the present lack of any direct evidence for the carcinogenicity of nitrosamines in man.
A nitrosamine as a bladder carcinogen in another primate species
A number of N-nitroso compounds, including methylnitrosourea, ethylnitrosourea, nitrosodiethylamine and nitrosopiperidine, are carcinogenic in subhuman primates given sufficiently high doses over a long period of time (see IARC 1978) , but the known bladder carcinogens, BBN and NMDCA, do not appear to have been tested in primate species.
Since the baboon (Papio sp.) will substitute for the human host in the life cycle of S. haematobium, rather than investigate BBN as a solitary carcinogen for the baboon bladder, we set up an experiment to determine whether concurrent exposure to low doses of BBN and infection with S. haematobium could induce bladder cancer in this species. It was not designed as a classic initiation/promotion trial in which the initiating agent is given first and then followed later by a promoting regime. Instead, in order to simulate the human condition, the S. haematobium infection was established first and small pulses of the nitrosamine were administered throughout the experiment. There was thus concurrent exposure of the urothelium to the schistosome and to the urinary metabolites ofBBN. The .animals had to be killed after two and a half years, but by that time the 5 baboons treated only with BBN had received a total dose either of approximately 50 g of the carcinogen, or one-tenth of this dose. Despite these relatively high exposure levels, none developed any histologically detectable neoplastic changes in the urothelium. In the 5 baboons infected with S. haematobium, but not treated with carcinogen, there was egg deposition in the bladders and ureters with consequent inflammation, polyp formation and some hyperplasia of the urothelium with cystitis cystica.
By contrast, in the 10 baboons which were infected with S. haematobium and given the lower dose of BBN (total 5 g over two and a half years) the lower urinary tract was grossly abnormal. Three developed early adenocarcinomas of the bladder and a fourth invasive papillary carcinoma, and in three other animals there were early transitional cell carcinomas in the ureters (Hicks et al. 1980) . These results suggest that BBN on its own may well be a bladder carcinogen for the baboon, but that two and a half years, which is only a quarter or less of the normal life span for this species, is too short a time for symptoms to develop. In man, the peak age of diagnosis of 2-naphthylamine-induced bladder cancer is 20 years after first exposure to the carcinogen (Case 1966) . In the baboons exposed to both the BBN and the S. haematobium infection, cancer development was accelerated by the schistosome infection, presumably acting as a latestage or co-carcinogen by virtue of its direct proliferative effect on the urothelium.
Conclusions
The low total incidence and late age of presentation with bladder cancer in Europe, America and in non-bilharzial infested populations in the Middle East and Africa is consistent with endemic exposure to low doses of as yet unidentified bladder carcinogens. We have presented evidence that urine-borne nitroso compounds could be the initiating early-stage carcinogen involved in Egypt. Neither the results of analysis of the urine of a village population of young men in Egypt, nor the result of the baboon study, provide conclusive proof that nitrosamines and/or their metabolites are causally related to human bladder cancer. The evidence is consistent with this theory, but does not, of course, exclude the possibility that other, as yet unidentified, carcinogens may also be present which could be quantitatively or qualitatively more important. The lowered age of peak incidence and elevated age-related total incidence of bladder cancer in some areas of endemic bilharziasis is consistent with 'Schistosoma haematobium acting as a late-stage or co-carcinogen. The variations in the incidence of bladder cancer in different geographical areas of endemic schistosomiasis could reflect either differences in exposure to the initiating carcinogen, i.e. different levels of bacterial infection related to hygiene, or differences-in duration and intensity of exposure to the late-stage carcinogen, i.e. differences in prevalence and intensity of the S. haematobium infection. The results' obtained so far may not be conclusive evidence, but they do go a long way towards accounting for the actual clinical and epidemiological data.
Unfortunately, advances in understanding the biology and aetiology of bilharzial bladder cancer will not automatically lead to any corresponding reduction in the incidence of this neoplasm. In an economically poor, predominantly agricultural-based village population such as is found in Egypt, schistosomiasis, secondary bacterial infections of the bladder and ultimately bladder cancer are all more likely to be controlled by better education and public health measures aimed at improving hygiene, than by any advance in scientific knowledge or clinical treatment. Most people must know this to be true, but the sheer magnitude of the problem in terms of effort and expenditure is such that there is little prospect of any improvement in the situation in the near future. In the meantime, until a serious, sustained attempt is made to interrupt the life cycle of the schistosome by preventing the eggs reaching their secondary snail host, all other measures including better diagnosis, better antischistosomal chemotherapy, better snail control and better treatment of cancer patients, can only be regarded as palliative measures which will do more to salve the conscience than cure the disease. The canopic worm has been the prime cause of disease and consequent premature death from bladder cancer in Egypt for several thousand years and it is likely to remain so for the foreseeable future, despite all our knowledge of mechanisms of carcinogenesis and improved cancer treatment modalities.
